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Fish Fauna of the Western Caribbean Upper Slope 

HARVEY R. BULLIS, JR. ASD PAUL J. STRUHSXKER 

T m  importance of studies concerning offshore benthic marine 
habitats and associations of animals is gradually being realized. 
The concept of the marine environment is changing from one of 
extensive, homogeneous habitats with vague boundaries and ran- 
domly dispersed individuals. to one of diverse and  \vell-dcfined 
habitats which closely control the cotnposition and distribution of 
associated faunas. Basic descriptions of these distributions are re- 
quired as bases for more advanced ecological investigations. 

Previously a qualitative and quaiititativc description of the total 
iipper Continental Slope fish fauna in a tropical region has not been 
availabk. I t  is the purpose of this paper to provide sucll a de- 
scription for the western Caribbean Sea.  

.4lthough the general naturc of the Continentnl Slope fauna has 
hccw known since the early days of modern deep-sea exploration 
( c).g., ,4gassiz, 1888), little new knon.ledge concerning the biology 
of this major environment has been contributed since the turn of 
the century. As part  of a program to espand the commercial fish- 
eries of the United States, the U. S. Bureau of Cominercial Fisheries 
has conducted exploratory trawling surveys of the upper-slope en- 
vironment in the Gulf of Mexico and  off southeastern United States 
since 1950. Early findings were encouraging and additional work 
showcd that commercial concentrations of the red shrimp, Hymen- 
openaezi.y rolmstu,s, occurred in the northern Gulf atid off south- 
n w t e r n  and  eastern Florida ( Springer and  Bullis, 1954; Bullis, 
1956; Riillis a n d  Rathjcn, 19S9; Bullis and Cummins, 1963; Thomp- 
son, 1967; and Roe, 1969).  

Sulxequc,ntly, cqlorat ions were cstencled to the Caribbean and  
Cayman Seas, Bahamas, Greater and Lesser Antilles, and off north- 
ciastern South America. These continuing surveys havc furnished 
data for an initial assessment of the upper-slope fauna for most of 
the tropical western Atlantic between Cape  Hatteras, North Car- 
olina and the easternmost tip of Brazil. Some areas of high 
producti\,ity havc heen cffc~ctcd off thcb east coast of Floridn in an 
x c i i  1.6 to 3.2 k m  wide between 29' and 30" north latitude. In  ad- 
clition to the field records, rcprcsentative samples of the fauna have 
lwc>n, a n d  are prcwntly, routinely collcctcd and  distributed to co- 
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operating systematists. Results of these surveys and laboratory 
identifications are incorporatcd into the automatic data retrieval 
system of the Bureau’s Pascagoula, Mississippi Exploratory Fishing 
and Gear Research Base. Faunal lists and capture records from all 
phases of the exploratory fishing program are periodically published 
(Springer and Bullis, 1956; Bullis and Thompson, 1965). The his- 
tory and activities of the program have been recently summarized 
by Bullis ( 1964). 

Two exploratory fishing surveys of the upper slope in the west- 
ern Caribbean were made by the R / V  Oregon Cruise 46 in late 
summer of 1957 and Cruise 78 in late spring of 1962. On the first 
cruise, field data were incomplete and emphasis was on obtaining 
extensive qualitative collections of fishes and invertebrates. The 
identified collections from the first cruise enabled detailed records 
of species occurrence and abundance to be maintained during the 
second cruise. These are reported and discussed here. 

STUDY AREA 

The study area is shown in Fig. 1 along with the locations of the 
44 stations evaluated in this report. Observations were made in 
the 75- to 500-fathom depth range in four general areas; off Rosa- 
lind Bank, northern and southern Nicaragua, and western Panama. 
This is a north-south distance of about 800 km and encompasses 
most of the western Caribbean. 

The Continental Shelf within the northern portion of the area 
is roughly triangular, narrowing to less than 32 km at the western 
and southern extremities and broadening to some 200 km between 
Cabo Gracias a Dios and the northeastern corner. 

The shelf proper is a limestone bank, for the most part, with 
depths from 10-30 fathoms. It is heavily covered with surface or 
near-surface reefs and many cays (keys) within the 20-fathom iso- 
b’ath. The bottom is irregular and covered with sponge and corals 
beyond the 20-fathom isobath, making sampling with a trawl, or 
even a dredge, difficult. Within the 10-fathom isobath are extensive 
stretches of smooth bottom, consisting mostly of sand and calcareous 
mud, and here considerable commercial shrimp trawling is con- 
ducted periodically. 

The shelf edge, or break, varies from 30-40 fathoms below the 
surface. The bottom to depths of 75-100 fathoms is very rough and 
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also generally untrawlable. Along the northern edge of the shelf, 
the upper Continental Slope has temperature gradients of 3-18C; 
the distance between thc 75- and 500-fathom isobaths ranges from 
3.2-2.9 km. A large bank about 56 km long and several small banks, 
all less than 90 fathoms decp, are connectcd to the northeastern 
corner of the shelf by  dcpths of 100-150 fathoms. A 16- to 24-km 
\fridc channcl \\,it11 depths of 2-50 to 400 fathoms separates the large 
bank from Rosalind Bank to the northcast. Northwest of thc chan- 
ne1 Iwt\\wn the Continental Shelf and Rosalind Bank there is a 
broad, flat area, seemingly a submarine alluvial fan, of about 100 
square kni at a fairly consistent depth of 150 fathoms. 

South of Rosalind Bank the Continental Slope is broad all the 
way to about 19" north latitude. The horizontal distances between 
the 100- and 1,000-fathom isobaths range from 105-39 km, with an 
average of about 76 km. Within these limits are several large 
banks and small islands. Serranilla Bank (16'N, 80"W) and Quita 
Sueno Bank (14"30'N, 81'W) are separated from the shelf by 
depths less than 500 fathoms. The other major structures, Serrana 
and Roncador Banks and Old Providence and St. Andrew Islands, 
are separated from the shelf by depths of 800 fathoms or more. 
The distance of the 500-fathom isobath from the shelf edge is 63 km 
at the northern end (15"N),  21 km at 13'30' north latitude, 51 km 
at 13" north latitude, and about 13 km off Bluefields, Nicaragua 
at 19" north latitude. Between 15'N and 12"30' north latitude the 
slope gradient is very gentle, ranging from less than 1"  to about 4". 
The bottom there consists of gray and white mud. The sampling 
and sounding transects run by the R/V Oregon indicate that this 
area offers several thousand square km of good trawling bottom. 
South of 123s30' north latitude the slope is stcep and rough, with 
numerous precipitous faces and gullies to depths of at least 500 
fathoms. The bottom is calcareous. 

The Continmtal Shelf in the Golfo de 10s Mosquitos is narrow, 
averaging 8-16 km wide, and has a topography and bottom inverte- 
brate fauna similar to the shelf off eastern Nicaragua. The upper 
slope has a moderate smooth gradient, as off most of Nicaragua, 
and, in general, no trawling difficulties were encountered. 

TEMPERATURES 
The western boundary current is the dominant hydrographic 

feature in the \Vest Indian region. This system is composed of es- 
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tensions of the equatorial currents that enter the eastern Caribbean 
Sea over the Antilles Ridge. The strong, mixed Caribbean current 
ji.isses through Cayman Sea and the Yucatan Channel, turns 
msterly and then flows through the Straits of Florida with in- 
creased velocity, emerging as the Florida Current. This current 
^allows the southeastern coast of the United States to Cape Hat- 
teras where it leaves the coast, and, with the union of the Antilles 
Current, it becomes the Gulf Stream. Along the edges of this 
system numerous eddies develop, especially in the southwestern 
Caribbean and Cayman Seas and between Jamaica and Cuba. 
There are also several large, apparently semi-permanent, eddies in 
the Gulf of Mexico ( Sverdrup, Johnson, and Fleming, 1942). 

This warm, northerly flowing current has a profound influence 
on the Continental Shelf fauna of the region and accounts for the 
northerly extension of established populations of tropical animals 
into the Gulf of Mexico and to Cape Hatteras at 35’20’ north lati- 
tude (Ekman, 1953, p. 46; Cerame-Vivas and Gray, 1966; Stnih- 
saker, In Press). As Ceranie-Vivas and Gray point out, these warm, 
western boundary currents result in the characteristic “trumpet 
shape” faunal distributions of the tropical regions of the world 
ocean. 

In a different manncr, the western boundary current greatly in- 
fluences the West Indian upper-slope fauna. Because of the den- 
sity relations within a stratified fluid in motion in the Northern 
Hemisphere (when looking at a cross-section of the current in the 
direction it is flowing) the lighter (warmer) water lies to the right 
of the current and the denser (colder) water lies to the left. This 
rcsults in a strong horizontal temperature gradient maintained by 
a cross circulation that advects warm water on the right side of the 
current, while cold, deep water is brought near the surface on the 
left side of the current (Dietrich, 1963, p. 535). Thus, the upper 
dopes of the continental Western Hemisphere have temperatures 
of 8-12 C at depths of 290 fathoms, whereas temperatures of 14-17C 
are found at the same dcqith over the upper slopcs of the Baham‘ls, 
Greater Antilles, and much of the Lesser Antilles (see Chart 1’ of 
Sverdrup, Johnson, and Fleming, 1943). Struhsakcr ( In  Press) has 
pointed out that this results in two natural divisions of the upper- 
slope environment in the tropical western North Atlantic, which 
may be termed the Continental Slopes and the Insular Slopes. Es- 
ploratory trawling surveys have shown striking differences bet\veen 
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thc faunal composition of thc tivo divisions at similar dcpths. That 
specics common to I)oth di\.isions occiir much dccpcr o \ w  tlicb In- 
sular Slopcs is also readily appircnt. This cficct seems to 1)c c’s- 
ccptionally \vel1 demonstrated in  thc Straits of Florida \v11crc thc. 
tn’o major di\+ions of slope faunas of thci rc>gioii occur on oppositc 
sitlcs of the Straits. only ahout 6.7 kin apart. 117c hope this paper 
 ill provide somc basis for thc cvcntual clc>tailcd analysc>s and com- 
pnrisons of thc t\vo faunal divisions. 

iYormally, bottom tcmpcraturcs at thc 100-fathom isobath of thc 
Continental slopcs ( hcreaftcr distinguislicd from the Insular slopes ) 
range betwcen 15-21 C, whereas at 900 fathoms tcmperaturcs arc’ 
from 8-12 C. Eighteen bottom temperatures were obtained tl~iriiig 
the survey n-ith an espcrimcntal minimum temperature rclcorcling 
dcvice that \vas previously calibrated with a protected thermom- 
eter. Thc results arc shown in Fig. 2 along with data on indicatcd 
bottom tc~mpcwtures in thcx study area from Parr ( 1937). The> re- 
sulting bottom temperature profilc for thc study area agrees well 
with the temperatures prcscnted by Fuglister ( 1960) and Stewart 
(1962) for this region. 

Becausc of the temperature gradients in the wcstern boundary 
current as nicntioned abovc, the deep permanent thermocline layer 
(PTL)  of the western North Atlantic, is centcrcd at ahout 2000 
fathoms hcrc (Struhsakcr, In Press). ’4s Fig. 9 sho\vs, the PTL 
( bctween about 19-7C ) encompasscs most of the upper Continental 
Slope zone in the study arm. Although the upper-slope bottom 
tcwiperatures arc below tlic depth of seasonal influences, Struhsakcr 
( In Press ) presented e\7idcncc> that internal waves in the PTL could 
cffcct short-period temperature changes of at least 3 C. He also 
hypothesized that thcsc tcmpcrature changes might effect local 
changes in the depth distribution of sonic of thc> mor(. mobile in- 
habitants of the upper slolm. 

~IETHODS 
Thc sampling g a r s  uscd in this study wcre 12.2 in flat and scmi- 

balloon shrimp tra\vls (Bullis, 1951 ).  The nctting was 5 cm 
strctched mesh ( e 1 8  tlircml cotton) in the trawl bodies and 4 cm 
stretched mcdi ( stt42 thread cotton) in  the codends. These tra\vls 
cover a path 6.7-7.3m wide under usual conditions when spread 
\vith 1.8 m tlan.1 doors. Using a singlc float, the trawl has a iwti-  
cal opening of about 1.5 i n .  The footrope rides w r y  lightly on the 
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bottom and a “tickler chain” attachcd to the bottom rear corner of 
each door rides about .6-.9 m in front of the footrope and incites 
the more active benthos to swim or jump off the bottom into the 
path of the trawl. 

Because of the number of variables involved, quantitative datn 
on animal populations sampled with shrimp trawls can bc devel- 
oped only in very gcneral terms. Sampling periods of 1, 2, 3, and 
4 hours were attempted, but frequently they were intcrruptcd be- 
c;iuse tran.ling hazards appeared on the depth sounder-recorders. 
Navigation was by celestial means and loran fixes except in a few 
cases of radar positioning. \Ye attempted to maintain a constant 
speed of 3 to 3 knots (1.0-1.4 m/second) but current conditions may 
ha\,e varied the range of speeds as much as k 3  knots (1 m/second) 
in some areas. Quantifying these data is further complicated be- 
cause shrimp trawls capture only a portion of the animals in their 
paths. For example, recent motion picture analyses (unpublished ) 
of shrimp trawl performance by the Bureau of Commercial Fisher- 
ies Gear Research Unit, Pascagoula, Rlississippi, show that escape- 
ment of royal-red shrimp ( Hynzcnopenaeus robustus) might be a s  
high as 90 per cent of all shrimp encountered by the trawl. 

Despite these difficulties, some attempt must be made to quan- 
tify and interpret these observations on the upper-slope fauna to 
provide bases for more detiiiled and sophisticatcd invcstigations. 
Vntil more efficient sampling gears are devised, we feel that analy- 
sis of a large number of shrimp trawl samples will provide some of 
these bases. Because of the known inefficiency of the trawls, all 
biomass and numerical density figures given in this paper should be 
considered minimal. To determine the area sampled in each depth 
range, we assumed an average on-bottom trawl speed of 3.5 knots 
( 1.9 m/second) and average net opening of 7 ni, which resulted in 
a smipling rate of 3.2 hectares per hour. 

The amount and distribution of sampling effort and the num- 
hcrs and \wights of fishes takcw are shown in Table 1. Fifty-fathom 
depth intervals were selected as the most practical because of 
sampling distribution. The number of stations in each SO-fathom 
depth range varied from 1-9, whereas the number of hectares 
sampled varied from 9.6-60.8. The 44 trawling stations represent a 
total of 79.6 hours of on-bottom sampling time during which about 
29,700 fishes were captured. At each station the fishes and the 
crustaceans were sorted from the catch and counted. Lengths and 
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\tx)iglits \\'ere rccordcd for most spccic.s of thc rc.adily id(wtifinb1e 
fishes. 1l~~asiirc.nicnts ~ w r c  madc using measuring bonrds with 0.5 
ciii uii its . Es t  c i  i si zoo1 o gi c;i 1 eo11 CY t i on s \f'c rc  madc during t hc. 
survey, most of \\,hich are in tlic collections of thc I T .  S. National 
\Iiiseum and tht. 13urc~i11's Tropical .4tlantic 13iological Laborator!., 
1 I iami, Florida. 

Composition. Abutitlancc, nnt l  Dist ribzition. Any attempt to 
rcport on a hrge portion of the slopc fauna of the western Atlantic 
south of 35" north latitude is complicated by the limited taxonomic 
knowlcdge of many important groups of animals and lack of identi- 
fication keys suitablc for field use. An extreme example of the un- 
known naturc of thc fish fauna in thc. study area is represented by 
the Scyliorhinidae ( Scc Appendix I ) .  This family was represented 
by four forms; Galezrs nine, a new species of Galeus, a new spccies 
of Scrjiorhinzrs, and an undescribed genus and species. Springer 
( 1965) has since &scribed these forms (See Appendix I ) .  Of 
three species of chimaeras present, only one, Hydiola,gu.s alberti, 
has been recorded as n mcmber of the western Atlantic fauna. A 
sccond species of Hr~drolag~is  probably represents what  has been 
considcred an endemic of the northwestern Atlantic, and the third 
an undescribed species of Neolinrriottn ( Bullis and  Carpenter, 
1966 ) , previousljr considered a monotypic gcmus in the eastern At- 
lantic. Other groups that presented identification problems were 
the families Congridae, Brotulidae, Gadidae, and  Ophidiidae, and 
the pclristediid genus Pcristerlion. 

The benthic fishes taken during the survey represent 60 families 
and an estimated 140 species; ho\vever, in the ficld only about 73  
were identified to species, 21 to gcwera and  the remainder to 
famil>.. All of the bntoid fishes were preserved and later idcntificd 
by ~ ~ 7 i l l i a m  C. Schrocder, IYoods Hole Oceanographic Institute. 
These field and laboratory identifications resulted in a total of 127 
species and specic's groups of demersal fishes, which arc. listcd in 
Appcndis I. 

jI7e should state here that wc consider all fishes listed to pri- 
marily occupy the demersal habitat as adults. Thompson (1963) 
considers the bathyalbenthic bottom community to be  a richly pop- 
ulated ecotonal belt, which grades into the pelagic layers above 
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and the benthic layers below. The belt is inhabited not only by 
endemic species, hut also occasionally by truly benthic or pelagic 
animals. Fish inhabitants of this belt are e'isv to capture in our 
hottom trawls; therefore, we consider demersal fish species to be 
not only those that rest upon or burrow in the bottom but also those 
that are free-swimming but still closely associated with the bottom. 

In general composition, some 75 per cent of the identifiable spe- 
cies taken in the study area are widely distributed at similar depths 
,dong the Continental S1opc.s of the tropical western .4tlnntie region. 
Llbout 18 per cent of the species appear to be approaching the 
southern limit of their geographic range; 3 per cent are nearing the 
northward limit; and the remaining 4 per cent are known only from 
the southwestern Caribbean. Therefore, 93 per cent of the western 
Caribbean species are found in the Gulf of Alexic0 and along the 
.,outheastern coast of the United States, whereas only 78 per cent 
.ire known from the southeastern Caribbean and off northeastern 
South America ( a s  derivcd from available literature sources and ex- 
tensive unpublished distribution d'ita at the Exploratory Fishing 
and Gear Research Base, Pascagoula, Mississippi). 

The depth distribution and numerical abundance of each family 
m d  species group is given in Appendix I. The relative abundance 
of each family and the bottom temperatures in each 50-fathom 
depth zone are shown in Figs. 33 and 3b. Families that were pres- 
cnt, but comprised less than 1 per cent of all the fishes taken, are 
shown as a straight line, whereas the dashed line indicates that the 
family was not represented in that depth range. 

Fifteen families were numerically dominant in the study area. 
Seven of these achieved dominance by the abundance of single 
species: Caproidac-Antijionin combntia; Pol~tnisiic~ae-Pol~~~~ixin 
lotvei; Triglidae-Bellator egretta; Zeidae-Zenion hololepis; 
Gramniicolepidae-XenolepidichtluJs dn7~1gleshi; Neoscopelidae- 
Neoscopelzis mncrolepitlotus; and Chautiacid'ie-Chaunax pictus. 
The remaining eight families achicwd their dominant status b y  the 
occurrence of from 9-14 species. 

Upon leaving the shelf, 26 per cent of the families represented 
in 75-100 fathoms are lost. At 150 fathoms 39 per cent have been 
lost; 49 per cent at 200 fathoms; 59 pc'r cent at 250 fathoms; and at 
350 fathoms 88 per cent have disappeared. Of the remaining four 
fmiilies, one drops out at 400 fathoms, one at -150, and two persist 
to the limits of the study depths. However, of 31 families found 
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on the outer shelf ( 75-100 fathoms ), six ( Apogonidae, Scorpaeni- 
dae, Ogcocephalidae, Brotulidae, Ophidiidae, and Congridae ) are 
composed of diverse species that represent their respective families 
over a wide bathymetric range, and six additional families (Caproi- 
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Fig. 3a. Relative abundance of families on the Upper Continental Slope of 
the southwestern Caribbean Sea as percentage of total fishes sampled from each 
depth range. 
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dae, Triacanthodidae, Percophididae, Polymixiidae, Trachichthyi- 
dae, and Gempylidae ) are shallow-water extensions of families 
that may be considered as typical inhabitants of the upper Conti- 
nental Slope. 
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Fig. 311. Itclati\v abundance of f:miilies on the Upper Continental Slope of 
the muthwestern C;iribl)eari Sea as percentage of total fishes sampled from each 
tl(>pth range. 
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Within the 101- to 150-fathom range, we first find many families 
that might be considered as typical inhabitants of the upper Con- 
tinental Slope in the Caribbean region. Nineteen families (Caproi- 
dae, Triacanthodidae, Percophididae, Polymixiidae, Anacanthobati- 
dae, Pseudorajidae, Merluciidacl, Callionymidae, Scyliorhinidae, 
Peristediidae, Zeidae, Chaunacidae, Sudidae, Chlorophthalmidae, 
Myxinidae, Bathyclupeidae, Ateleopidae, Chimaeridae, and Neo- 
scopelidae) were taken in the study area. The four numerically 
dominant families in numbers of individual fish are the Caproidae, 
Polymixiidae, Serranidae, and Triglidae, respectively. The last two 
families are typical shelf inhabitants, with some members (i.e., 
Serranus phoebe, Bellator sp. ) extending slightly beyond the edge 
of the Continental Shelf. 

In the 151- to 200-fathom range the numerically dominant fami- 
lies are all typically upper-slope groups. Four families make up 
83 per cent of the total number of fish taken in these depths: 
Zeidae (32 per cent), Apogonidae ( 18 per cent), Caproidae (17 
per cent), and Polymixiidae (16 per cent). The typical shelf fami- 
lies decrease in number rapidly. 

The zeids are still the dominant family in the 201- to 2,5O-fathom 
range and comprise 39 per cent of the total number of fishes taken 
in these depths. In abundance, they are followed by the Sudidae, 
Macrouridae, and Polymixiidae. This marks the first appearance 
of sudids and macrourids in any numbers. The Caproidae is poorly 
represented in this depth range, decreasing rapidly in abundance 
after being the dominant family in 101-150 fathoms. 

The Macrouridae comprise 26 per cent of the fish sampled in the 
251- to 300-fathom depth range and assume dominance. Large 
numbers of grammicolepids are present only in this depth range. 
The Sudidae remain numerically important and are followed by 
the first appearance of the Neoscopelidae. 

The Neoscopelidae assume dominance (27 per cent) in the 
301- to 350-fathom depth range and are followed by the macrourids 
(18 per cent). Most of the remaining fish caught are more or less 
uniformly distributed among eight families, six of which were typi- 
cally upper-slope forms. Beyond 300 fathoms the upper-slope fami- 
lies are numerically less important, 

The Neoscopelidae and Macrouridae are still the dominant fam- 
ilies (28 per cent) each in the 351- to 400-fathom depth range, 
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closely followed by the Brotulidae (24 per cent), which makes its 
first appearance as a numerically important family. The upper- 
slope families are virtually unrepresented in this dcpth range where, 
along with the brotulids, there is the introduction of the Halosauri- 
dae, Congridae, and Bathypteroidae as numerically important 
groups. 

In 401-450 fathoms the alepoccphalids and brotulids are domi- 
nant and, collectively, account for 48 per cent of the fish taken in 
this depth. Further net “loss” of families in this depth range re- 
duces the total number of families to eight; however, only one sta- 
tion was occupied in that depth range. 

Eight families are present in the 451- to 500-fathom depth range, 
of which the macrourids are overwhelmingly dominant (68 per 
cent). The remaining seven families are either typically abyssal 
or are those with wide bathymetric distributions. 

The general pattern that emerges from 
these abundance and distribution data is typical of most animal ag- 
gregations. Although many groups are present in an area, the total 
faunal composition is dominated by only a few taxa. In passing 
from one depth zone to another, these dominant taxa arise, gain 
dominance in a particular zone, and then gradually lose importance 
and disappear. Although records were not kept on the weights of 
the species and species groups taken at  each station, examination 
of the numerical density data in conjunction with known weight 
ranges for each group indicates that when a family is among the 
numerically dominant in a particular depth range, it is usually one 
of the dominant groups with regard to biomass. 

Although there is, in general, a gradual replacement of one dom- 
inant group by anothcr from zone to zone, the data of Fig. 3 seem 
to show two major trends. The first is the disappearance and ap- 
pearance of many families betwcen 75 and 100 fathoms. The sec- 
ond is the apparent major loss of families in depths greater than 
:350 fathoms. This effect is further illustrated in Fig. 4 where the 
total number of families taken in each depth range is given along 
with the number of families “gained” and “lost” in each depth range 
when progressing from lcsser to greater depths. The net change 
for each depth range is shown at the top of its column. The total 
number of families gradually increases from the shelf edge to a 
high in the 901- to 250-fathom depth range. The number gradu- 

Distribution Pattern. 
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from lesser to greater depths. S e t  change for each 50-fathom interval shown 
at  top of histogram. 

ally diminishes in the nest two depth ranges, but is suddenly re- 
duced between 351-400 fathoms and 401-450 fathoms. 

This pattern is interpreted as follows: upon leaving the shelf, 
the familial composition of the ichthyofauna undergoes a major 
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TABLE 2 
Estimated hlinimum Standing Crop for the Indicated Depth Ranges 

within the Study Area 

Depth range 
in fathoms Kilograms/hectare 

Other 
Fish Crustaceans Invertebrates Total 

7.5-100 
101-150 
131-200 
201-250 
231-300 
30 1-530 
:351-400 
401-450 
4.5 1-500 

7.8 
6.2 
5.8 
5.4 
5.0 
4.9 

1.0 
I .7 

0 -  
,>.3 

0.9 
0.3 
1.2 
2.7 
0.9 
1.3 
2.3 
0.0 
0.4 

3.1 
4.5 
“0 
1.7 
1.3 
1.5 
0.4 
0.4 
0.7 

10.9 
11.0 
9.0 

12.8 
7 .2  

6.3 
1.4 
2.8 

C n  c 
i 1 . i  

change, resulting in an overall gain in families from the outer shelf 
zone (75 to 100 fathoms),  Conditions stabilize in the nest  few 
depth ranges: with the small exchange of families that  occurs, 
there is a general increase in the total number of families present 
to 201-250 fathoms. In the next two depth ranges, however, only 
one new family is introduced, whereas eight are lost. The great re- 
duction of family numbers between 351 and 450 fathoms is due  to 
the loss of 26 families with only two additions. 

The  estimntcd minimal standing crop of fishes within the study 
area is given in Table 2. The  total biomass generally decreases 
upon leaving the Shelf edge bu t  increases to a peak in the 201- to 
250-fi~thom depth range. Beyond these depths the biomass de- 
creases with depth.  Whereas the estimated biomass of fishes fol- 
lows this pattern, the echinoderms, sponges, and mollusks exhibit a 
gcmcmlly clccreasing 1)ioinass with increased depth.  The  cnista- 
w a n s  eshibit an increased “standing crop” in the 201- to 250-fathom 
x n c l  351- to 400-fathom depth ranges. This is probably due  par- 
tially to quantities of Hymenopetineus roliustus and Nephrops bing- 
h c m i  in the 201- to 250-fathom range and Plesiopennetcs editinrclsi- 
[ / t m s  in the decyer depth  range. 

I’pper-Slope Association. On the basis of the above data,  there 
;ippe:irs to be an association of fishes that is characteristic of the 
upper Continental Slope. The upper limit of this fauna in the 75- 
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Fig. .5. Siimbers of families at descending depth levels considered repre- 
sentative of shelf, uppcr-slope, and lower-slope ichthyofauna. 

to 150-fathom depth range is an exchange area where typically 
shelf families arc replaced by  upper-slopc families. The lower 
limit of upper-slopc fauna is demarcated by the drastic reduction 
of total number of families present and  replacement of upper-slope 
familicr with lowcr-slope families at  depths greater than 
3 3  fathoms. The  shelf families are defined here as those that have 
greatest numcxrical dcmsity in depths between 75-100 fathoms. 
C'ppcr-slope families are considered to be those that have the 
greatest denrity bctwcen 101-350 fathoms, and lower-slope families 
those greatest bctween 351-500 fathoms. The  number of families 
in each category present in each depth range is shown in Fig. 5. As 
expected, the number of shelf families greatly diminishes beyond 
100 fathoms and none are present in the 451- to 500-fathom depth 
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range. The lower slope families eshibit a similar trend from greater 
to lesser depths, reaching a peak number between 201-250 fathoms. 

Although we have observed this enriched, distinctive upper- 
dope fauna in othcr areas of the tropical western North Atlantic, 
the data presented here represent the first quantitative analysis of 
this fnunal association. In the western Caribbean, this association 
is distributed roughly betwcen the 19 C isotherm (100 fathoms) 
:cnd the 7 C isotherm (350 fathoms). These temperatures delimit 
the deep, permanent thermocline layer of the western North At- 
lantic rcgion where it contacts the Continental Slope. There the 
fauna flourishes at depths of the 10 C isotherm (225  fathoms), di- 
minishing quantitatively and qualitatively above and below this 
dcpth over the slope. 

Schroedc~r ( 1955) reported the results of estensive trawling es- 
plorations of the Continental Slope in the western North Atlantic 
lwt\veen Delaware Bay and Nova Scotia: About 75 species of 
bottom fishes werc takcn at 259 trawling stations in depths of 
itbout .50-7:30 fathoms over a two-year p r iod .  Of those species 
listed for the New England slope, the following eight were also 
taken in the western Caribbean: Alyxine glzrtinosa, Argentina stri- 
uta,  Pcrra.sirt1i.s tritczilentus, Merlziccius all?idiis, Coelorliynclitis car- 
H I  inntiis, 2enopsi.s ocellatzis, and Irrophycis resius ( the last species 
\f'iis taken in the western Caribbean, but is not listed in Appendix I 
lxxauw detailed counts were not maintained for it ) . Schroeder 
(195#5, p. 366) also presented cstimates of the standing crop of 
slope fishes off Nen7 England. A comparison of Schroeder's figures 
(con\Terted to kg/lia) for that region and our values (Table 2 )  are 
as  follon~s: 101-200 futhoms, 17.9 17s. 6.0; 201-300 fathorns, 48.1 1's. 
6.7; 301-400 fathoms, 50.4 vs. 4.1; 401-500 fathoms, 36.9 vs. 1.3. 
These clata \voulcl indicate that the standing crop of fishes on the 
slopc region of the northwestern Atlantic to be about 3, 7, 13, and 
25 timcs ;is great as in the Caribbcwi. These data, hoivever, should 
IIC com~xirccl only in a 17ery general manner because Scliroedcr's 
c.stimntcs are lxiscd on catches of 1S.2 i n  trawls with 7.6 cm mcdi 
\i~c~bbing, \\.hcreas our cstiniates are based on catches of E.." m 
traivls \vith 5 cm mesh jvcxhbing. As Schroec1c.r (1955, p. 364) 
points out, bottom trawl cntchcs seem to increase cxponcntially 
\~ - i t l i  incrcxscd tralvl size. I t  thus appears that the Ncw England 
slopv ichthyofauna is richer quantitatively, but poorer qualitatively 
t l i a n  that of the wcstern Caribbean, a s  would be espectcd. 
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Size and Depth. Extensive size-frequency data were taken for 
19 species of fishes. They are summarized in Table 3 as mean 
sizes for each FjO-fathom depth range. Species that were selected 
are readily identifiable and are a major component of the tropical 
western Atlantic upper-slope ichthyofauna. With a few notable 
esceptions, such as the peristidiids, ophidiids, brotulids, gadids, and 
congrids ( most present identification problems now) these species 
represent a rather typical cross-section of the upper-slope ichthyo- 
fauna . 

Fifteen species (Chloroplitlmlmzis agmsi;i, Parasudis trticzilen- 
tiis) Neoscopelus macrolepiclotzis, Nezumia hildebrandi, N .  bairdii, 
Coe~orh~jnc111i.s carmitiatris, Alerhiccizis albiclus, Cyttopsis roseus, 
Zenion hololepis, Aritigonia conibntin, Parahollardia schmidti, Poly- 
tiiisia loicci, Setarclies grientheri, Synngrops bello, and C1iatina.r 
pictiis) demonstrate an increased mean size with increased depth. 
-211 but Chamas and Pol!ymixin have a significant ( a t  the 1 per 
cent level) linear correlation. A curvilinear relation for these two 
species is strongly indicated. 

The mean lengths of the four remaining species ( Bnthypterois 
bigelozci, Xenolepidichthys dahlgleishi, Benihrops gobioides, and 
Galetis nrae) are nearly constant at all depths. A positive correla- 
tion betiveen size and depth was found in Gnlezis arae. However, a 
complex distributional pattern in this species related to sexual ma- 
turity and depth grouping may bias the data toward this relation 
( Bullis, 1967). 

For the most part, each species reaches its greatest density 
somcwhcrcx toward the center of its depth range. Also, species 
showing ~i strong size-depth relationship tend to have greater bath?- 
rnctric ranges than species that do not demonstrate such a relation- 
$11 i p. 

The direct relation bctwecln size and depth has been c1iscussc.d 
in detail for Plctironcctes in thc North Sea, where such differential 
clistribution also varies inversely between size (age)  and density 
( Graham. 19.56 \ .  Size incrense with dcpth has been shown for sev- 
c ~ a l  wc.stcrn Atlantic Shelf species by Caldwell ( 1955, 1957, 1961). 

In seeking an explanation for the above 
(lata, the modes of reproduction of thc) species invol\.ecl \vcre con- 
I\itl(wcl. Tcblcostcmi spccics in which the young develop pelagi- 
tally clinr~ietc,ristically spawn large numbers of eggs, whereas spe- 
cies in tl-liich thca young develop in demersal habitats produce only 

Eqilrin(itor!/ Theories. 
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moderate to small numbers of eggs (Mead, Bertelsen, and Cohen, 
1964). On the basis of these gcneral types of de\~elopment, the two 
follon.ing hypotheses are given to account for the size-dcpth rela- 
tions reportcd above. 

First, species that increase in mean size \vi th incrcasing dcpth 
and decrcnsing tcmperatures, and have a broad bathymetric rangc, 
produce pelagic eggs and/or larvae. Thc young of thew specics 
arc cxricd \xioils distnncc3s along the coasts and may be swept in- 
shore over the Continental Shelves or offshore into oceanic areas. 
After devcloping to the pre-juwnile stage, thcy either descend 
gradually to some depth or undergo relatively small daily vcxrtical 
migrntions. The depths to which these individuals descend arc1 
limited by the temperature tolcrances of that species at that partic- 
ular stagc in its life history. Our hypothesis requires that these 
pelagic young do not descend deeper than the Continental Shelves 
or the uppc’r end of the species’ demersal depth range on the upper 
slope. Individual pre-juveniles undergoing vertical movements 
over the shelf and upper slope eventually contact the bottom, but 
those carried to oceanic areas only descend to certain depths (de- 
pending upon the local temperature structure ), never contact the 
bottom and are permanently lost to the primary population. The 
young of these spcycies that find the bottom relatively quickly move 
to the hahitilt of their size and age group, which tends to be at  
lesser depths than the adults, because they are undergoing n tem- 
perature acclimation from the warm, epipelagic environment to the 
colder, dcmcrsal upper-slope environment. During development 
and maturation in this demersal habitat, young individuals gradu- 
ally descend to depths occupied by the reproducing segment of the 
population. A few individuals wander into even greater depths, 
\vherc decreased temperatures may slow their growth rate but in- 
crease thcir longevity. These latter individuals are the largest, but 
least nunicrous members of the population. 

The second hypothesis is that species that change only slightly 
in mean size \\Tit11 depth, and usually occupy a more restricted 
bathic range,  ha\^ dcmcrsal eggs and larvae or bear their young 
alive. The young of these species already inhabit thc depths and 
temperatures occupied by the adult segment of the population. 
Thus, they do not undergo change from a warm, epipelagic exist- 
ence to a cold, benthonic existence, and become more restricted in 
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demersal depth ranges while dispersing over the entire bathic range 
of the population. 

Of the 15 species demonstrating a size-depth relation and for 
which we hypothesize pelagic young, nine are represented by pe- 
lagic larvae identifiable to the familial or generic level: Neoscope- 
lidae (implied); Chlorophthalmus; and Chaunaz (Mead, et. al., 
1964); blacrouridae ( Marshall, 1965); Antigoilia (Berry, 1959) ; 
and Merluccius (Bigelow and Schroeder, 1953). Four of the re- 
maining six species ( S ynagrops bella, Setarches guentheri, Cyttop- 
sis roseus, Zenion hololepis) are represented at the familial level 
by  larval specimens taken in epipelagic plankton tows during in- 
vestigations off southeastern United States by the R/V Theodore N .  
Gill. The families of the two remaining species (Polymixia lowei 
and Parahollnrdia schmidti) have not been recognized in the Gill 
collections, but pelagic berycomorph and plectognath larvae are 
common (Jack Gehringer and Frederick H. Berry, Bureau of Com- 
mercial Fisheries, Biological Laboratory, Brunswick, Georgia, per- 
sonal communication). 

Two of the four species with no size-depth correlation and for 
which we hypothesize demersal eggs or larvae, are thought to have 
benthonic young. We assume the scyliorhynid Galeus nrae to be 
viviparous ( Stewart Springer, personal communication). The deep- 
sea iniomid fishes, which would include Bathypterois bigelowi 
under consideration here, produce a relatively small number of eggs 
that develop on or near the bottom (Mcad, et al., 1964). The two 
remaining species, Xenolepidichthys cluhlgleishi and Bemhrops 
gohioirles, may be considered as negative evidence supporting the 
above hypotheses since granimicolepid and percophidid eggs and 
larvae have not been recognized in the Gill epipelagic plankton 
collections (J.  Gehringer and F. Berry, personal communication ). 

In the slope environment, size-depth relations appear influcnced 
by two factors: vertical movements of population segments of spe- 
cies having planktonic eggs and larvae; and the physiological re- 
sponse of all populations to the direct relations of depth and tcm- 
peraturc in slower growth, increascd ;igcl, and greater ni;isiniiiiii 

size with increased depth. 
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